Introduction
Moringa oleifera (M. oleifera) Lam., commonly known as sajana, drumstick or horseraddish tree, is a member of the Moringaceae family that grows throughout most of the tropics including Pakistan, Afghanistan and Northwest India [1] . It is one of those multipurpose "Miracle" plants which have received attention as "Natural nutrition of the tropics" [2] . The tree is highly valued as every part of the plant is edible and has established medicinal and folkloric significance in treating different diseases [3] . Various parts of the plant are highly reputed in traditional medicine for the treatment of a variety of ailments [4] . Also, as a traditionally important food commodity, the leaves, fruits, flowers and roots are locally esteemed as vegetable [2] . The pharmacological studies showed that its various parts possess hypotensive, antioxidant, anti-inflammatory, antinociceptive, wound healing, anthelmintic, hypolipidaemic, antiatherosclerotic, antiurolithic, antiulcerogenic, analgesic, anesthetic, anti-HIV and antimicrobial activities [5] [6] [7] . Phytochemical investigation of M. oleifera has resulted in the isolation of a number of constituents belonging to different classes of compounds [5] [6] [7] . It has also been incorporated in various marketed formulations [8] . It is a part of medicine "Metrafduabete" which completely removes the signs of diabetes and possesses hypoglycemic activity [9] . In pursuance of this chemical and biological studies on Moringa pods and leaves [5] , the present work was undertaken on the roots to explore chemistry of its non polar extracts.
Materials and methods

Collection of plant material
The fresh roots of M. oleifera were collected from HEJ-ICCBS garden, University 
Extraction of the roots of M. oleifera
Fresh and undried crushed root (5.11 kg) of M. oleifera were cut into small pieces and successively extracted twice with petroleum ether and dichloromethane (20 L each) at room temperature for 2 d. The first and second extracts were combined on the basis of thin layer chromatography profile and evaporated under reduced pressure to furnish their respective residues marked as petroleum ether extract of M. oleifera roots (MRP) (1.94 g) and dichloromethane extract of M. oleifera roots (MRDC) (189 g).
Petroleum ether extract of M. oleifera roots (MRP)
MRP was actually a two phase extract, found to contain some insoluble crystals. These were separated from brownish petroleum ether soluble part by decantation. As a result of this process, crystals embedded in brown matrix were separated from petroleum ether soluble part marked as (MRPSJ-7, 1.60 g). Crystals were washed with methanol, affording methanol soluble fraction and methanol insoluble crystals embedded in brown gum marked as . In order to separate the crystals from brown gummy material, petroleum ether was added into it, as a result of which brown gum CX-1 (0.07 g) get separated from pure pale colored crystals marked as CX-2 (0.30 g). As a result, four fractions marked as petroleum ether soluble (MRPSJ-7), methanol soluble (MRPXMSJ-7), brown gum (CXI) and pure crystals were obtained. These fractions were subjected to gas chromatography/gas chromatography-mass spectrometer (GC/GC-MS) analysis along with parent petroleum ether extract (MRP), while CX-2 was subjected to EI-MS analysis, leading to its identification as cyclooctasulfur S8. The compounds identified through GC/ GC-MS analysis are given in Table 1 . 
The dichloromethane extract of M. oleifera roots (MRDC)
MRDC was fractionated employing solvent-solvent separation by using different ratios of petroleum ether : ethyl acetate and ethyl acetate : MeOH (PE: EA and EA: MeOH), increasing 10% polarity affording twenty five eluents, which were marked as MRDCSS-1-25 and subjected to GC, GC-MS studies.
The chemical composition of some of the fractions of dichloromethane extract of root obtained through solventsolvent separation was examined through GC/GC-MS analysis and summarized in Table 2 
Gas chromatography-mass spectrometry (GC-MS)
For GC-MS, a 6890 N Agilent gas chromatograph coupled with a JMS 600 H JEOL mass spectrometer was used. The compound mixture was separated on a fused silica capillary SPBI 
GC/GC-MS identification of components
GC/GC-MS identification of components of each extract and fractions were based on the computer evaluation of mass spectra of samples through NIST based AMDIS V 2.69 (Automated mass spectral deconvolution and identification software), direct comparison of peaks and retention time with those for standard compounds, with eight peak index [10] and computer matching with the NIST as well as by following the characteristic fragmentation patterns of the mass spectra of particular class of compounds. [11] . Table 2 Chemical compositions of MRDC and its solvent-solvent separated fractions (MRDCSS-1, 2, 4, 9, 11, 12 
Results
The present communication describes a detailed analysis of the petroleum ether and dichloromethane extracts of root of M. oleifera as they showed good antimicrobial activities against a number of microbes. It is for the first time that the composition of the two extracts of M. oleifera roots has been investigated through GC/GC-MS analysis. A total of 102 identified through GC/GC-MS analysis of the extracts MRP and MRDC as well as their fractions are mentioned in Tables  1 and 2 respectively. MRP contained crystals and gummy material, which on classical separation through successive treatment with petroleum ether and methanol afforded four fractions, petroleum ether soluble, methanol soluble, brown gum and pure crystals. The latter was identified as cyclooctasulfur S8, which has been earlier identified through GC/GC-MS analysis from the same source [5] , however, it has been isolated previously from various plants and bacteria [12] [13] [14] . MRP and all its fractions were subjected to GC/GC-MS analysis which helped in identification of 39 compounds, classified into nine groups including hydrocarbons, acids, esters, alcohols, aromatics and alkamides along with a sulfur, cyanide and steroidal compound (Table 1) . As whole petroleum ether extract was found to be rich in odd carbon metabolites. The major compounds identified were trans-13-docosene (37.9%), nonacosane (32.6%), cycloartenol (28.6%) nonadecanoic acid (13.9%) and cyclooctasulfur S8 (13.9%).
MRDC was found to contain two prominent compounds identified as oleic acid and 5-ethyl-3-fluoro-2-pyrazinamine (nasimizinol). The chemical composition of some of the fractions of MRDC obtained through solventsolvent separation (experimental) was studied through GC/ GC-MS analysis and is summarized in Table 2 . It was found to be constitutive of 63 compounds. The major compounds identified were nasimizinol (58.8%), oleic acid (46.5%), N-benzyl-N-(7-cyanato heptanamide (38.3%), N-benzyl-N-(1-chlorononyl) amide (30.3%), bis [3-benzyl prop-2-ene]-1-one (19.5%) and N, N-dibenzyl-2-ene pent 1, 5-diamide (11.6%). MRDC was found to contain two prominent compounds identified as oleic acid and 5-ethyl-3-fluoro-2-pyrazinamine (nasimizinol).
Discussion
The GC-MS analysis was based on the computer evaluation of mass spectra of samples through NIST based AMDIS V 2.69 (automated mass spectral deconvolution and identification software), direct comparison of peaks and retention time with those for standard compounds, with eight peak index [10] and computer matching with the NIST. Besides that, the characteristic fragmentation patterns greatly helped in the identification of a particular class of compounds [10] . However [15] . In addition to this, thiocyanates and isothiocyanates were identified on the basis of their respective -SCN and -NCS losses from the molecular ion peak. N-hydroxylimines give rise to a peak at those mass to charge ratios that corresponds to (M + -44) indicating the loss of N-hydroxylimine group from the molecule.
This study helps to predict the formula and structure of active molecules which can be used as drugs. This result also enhances the traditional usage of M. oleifera which possesses a number of bioactive compounds.
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Comments
Background
Various parts of Moringa oleifera or drum stick tree are used in traditional medicine for the treatment of a variety of ailments. Authors have analyzed the petroleum ether and dichloromethane extracts of Moringa oleifera roots by GC-MS to identify the phytoconstituents present in the root. GC-MS analysis resulted in the identification of one hundred and two (102) compounds which could play an important role in exhibiting biological activity.
Research frontiers
It is a pilot study that identified only volatile constituents in Petroleum and Dichloromethane extract of Moringa roots, however there could be other constituents present, responsible for their biological activity. Efforts should be made to isolate and identify those non fatty acid components of the roots by other suitable chromatographic techniques.
Related reports
Previous Phytochemical studies conducted on roots of Moringa GC-MS is routinely used for the analysis of volatile oil and fixed oil compositions and the compounds identified have minimal role to play in exhibiting antimicrobial activity.
Innovations and breakthroughs
he study only identified volatile constituents that can help in Phytochemical profiling.
Applications
The data obtained can help in standardization of non polar root extract.
Peer review
I reckon this is a pilot study aimed to identify the fatty/volatile constituents in the petroleum ether and dichloromethane extracts. This plant has been extensively explored phytochemically well as for different pharmacological activitires due to its wide spread use in traditional medicines throughout the world.
